microtubules to their normal length by removing the cell's geometry to point the microtubules in the right direction. In addition to the consequences of altered drug induces concomitant relocalization of tea1p. The intermediates are intriguing: shortly after repolymerizaexpression levels on cytoplasmic microtubules, other results also fit such a model. For example, the results tion commences, but before the microtubules return to their original length distribution, tea1p is in bright spots show that tea1p can bind to microtubule ends without interacting with the cell surface, but that it does not throughout the cell, most of which colocalize with distal ends of microtubules. Indeed, even in untreated cells, remain at the cell surface without microtubules. And the authors report that their efforts to clone tea1p by many of those dots of tea1p that are not at growth zones co-localize with microtubule ends. complementation were defeated by plasmid loss; perhaps levels of tea1p affect microtubule organization in The microtubule cytoskeleton's interactions with tea1p are reciprocal. In a sub-population of null cells, the spindle as well. Among the alternative models is the possibility that tea1p localization at the growth zones some microtubules grow long enough to curl around the ends of cells. These same extra-long microtubules are is important for stabilizing microtubules that reach those positions or for recruiting the growth machinery itself. seen in the pheromone-treated cells that have reduced levels of tea1p. In contrast, the microtubules are signifitea1p could associate with the cell surface in these domains, stabilized there by the dual interactions with cantly shorter in cells that over-express tea1p.
Models of tea1p Function
microtubules and some cortical element. The present data do not distinguish among these and Mata and Nurse (1997) conclude that tea1p is required for correct placement of growth zones, although it is other possibilities raised by the reciprocal effects of tea1p levels and microtubule length. However, possible neither sufficient nor necessary for growth. But how are the interactions with microtubules to be interpreted? roles for tea1p-or the tea1p complex-should be testable by in vitro assays of microtubule assembly dynamics, One possibility proposed by the authors is that tea1p is a regulator of microtubule length-a capping activity identification of proteins that cofractionate with it, and a search for other binding partners. Of particular interest analogous to those observed for F-actin modulators. The length of microtubules could depend inversely upon will be testing the prediction from sequence comparisons that tea1p can associate with actin. the levels of tea1p in the cell, or on the proportion of it that localizes to the cell tips. In this view, the delivery As noted above, microtubules have no apparent influence on either bud site selection or growth in the budof the growth machinery to the appropriate location in the cell is accomplished by producing microtubules of ding yeast, S. cerevisiae; instead, their participation in morphogenesis may be limited to determining nuclear appropriate length and relying on the constraints of the in both tubulins in S. pombe (Yaffe et al., 1996) .
An Animal Cell Parallel
The properties of tea1p are reminiscent of a family of proteins studied in animal cells. Ezrin was first identified The exact role that ERM proteins play in assumption as a component of the intestinal microvillar actin cyand maintenance of cellular asymmetry is not known. toskeleton (Bretscher, 1983) . It and the other members Depletion experiments using antisense strategies cause of the ERM family, radixin and moesin, localize to subdosignificant defects in cell attachment and in morphologimains of the cell cortex-nonmotile structures such as cal differentiations at the cell surface, but these phenomicrovilli and adherens junctions, and motile elements types may be indirect consequences of disrupting the including the leading edges of migrating cells and cleavcortical actin cytoskeleton by removing one of its comage furrows. Some in vitro assays suggest that ERM ponents (Takeuchi et al., 1994) . There is also evidence proteins bind to F-actin, but at least in vivo, they colocalthat ERM proteins interact with Rho in a phospholipidize with only a small subset of the cells' actin structures dependent fashion (Hirao et al., 1996) and with integral (Tsukita et al., 1997) .
membrane proteins , strengthening Of particular interest is a comparison between the their possible role as connectors between cytoskeleton properties of tea1p with those of ERM proteins in culand the plasma membrane. tured hippocampal neurons (Goslin et al., 1989) . Anti-
Morphogenesis in Yeast and Animal Cells ERM antibodies stain these cells at their growth cones
There are of course other circumstances in animal cells almost exclusively. The staining pattern is very similar where microtubules are required to maintain asymmetry but not identical to that of the F-actin in growth cones.
at the molecular level. A role for the microtubule cyIt is entirely distinct from that of microtubules that are toskeleton in sorting of proteins to the apical and basoprominent along the length of the process but barely lateral domains of epithelial cells is suggested by detectable if at all in the growth cones themselves.
drug interference experiments, an interpretation that is These neurites can attach along their length to the solid strengthened by specific depletion of microtubule mosubstratum upon which they are grown, so that they do tors (Lafont et al., 1994 ). Yet there remains a significant not retract for long periods after addition of microtubule difficulty in comparing the effects of microtubules on depolymerizing drugs. Those drugs do cause the micromorphology in yeasts to their role in animal cells. In tubules along the length of the neurite to depolymerize animal cells, the loss of microtubules means the loss of rapidly, in ordered, distal-to-proximal fashion. During asymmetry. Obviously yeasts have other mechanisms the period when the neurites remain in place but the that can replace microtubules. Perhaps the yeast cell microtubules are receding, all of the anti-ERM staining wall may circumvent a structural role for microtubules leaves the domain of the growth cones. Initially, the in supporting asymmetry as it is formed. delocalized ERM appears in the process, always distal Microtubules apparently participate in fine tuning of to the receding tubulin staining. Eventually, when no the global organization in S. pombe. Their effect is more assembled tubulin is detectable, the ERM staining also subtle in S. cerevisiae, but detailed analysis of mutant disappears. Even at this point, staining of two other phenotypes do suggest that microtubules and microfilagrowth cone markers, GAP43 and F-actin, remain in ments interact, for example to orient the nucleus in matplace. Depolymerization is readily reversible by washing ing projections (Read et al., 1992) . In fact, the notion out the drug, and the microtubules regrow along the that the elements of the cytoskeleton function in concert length of the neurite, in proximal-to-distal fashion. ERM has arisen from several descriptive experiments. The staining reappears, but only in the growth cone and only identification of tea1p and other proteins that act as if when microtubule reassembly is complete to the end of they engage more than one of those elements may lead the neurite. us to mechanisms that will make sense of those obserThus, the cortical localizations of tea1p in S. pombe vations. growth zones and of ERM in growth cones occur in patterns similar to that of F-actin. In fact, both may be Selected Reading actin binding proteins. However, their normal localizations are dependent upon intact microtubules. Unlike
